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Abstract

Lost circulation, which isthe loss of well drilling fluids to the formation while drilling, isa
common problem encountered while drilling geothermal wells. The rapid detection of the
loss of well drilling fluids s critical to the successful and cost-effective treatment of the
wellbore to stop or minimize lost circulation. Sandia National Laboratories has developed
an instrument to accurately measure the outflow rate of drilling fluids while drilling. This
instrument, the Rolling Float Meter, has been under development at Sandia since 1991 and
isnow available for utilization by interested industry users. This report documents recent
Rolling Float Meter design upgrades resulting from field testing and industry input, the
effects of ongoing testing and evaluation both in the laboratory and in the field, and the
final design package that is available to transfer this technology to industry users.

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United
States Department of Energy under Contract DE-ACO4-94A L 85000.
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Background

The common problem of well drilling fluid (mud) loss to the formation while drilling
geothermal wells should be addressed promptly to minimize well completion costs. The
added costs incurred as aresult of this*“lost circulation” for an average geothermal well
are estimated to be from 5% to 10% of the total well cost'. Various methods to treat and
control lost circulation are being investigated by the Geothermal Research Department at
Sandia National Laboratories. All methods currently under consideration require accurate
and prompt detection of drilling fluid loss in order to analyze the magnitude of the loss
zone and minimize the lost circulation treatment costs. To detect drilling fluid loss, both
an accurate inflow and outflow meter must be employed on the drill rig to monitor these
flow rates while drilling.

The Rolling Float Meter (RFM), developed at Sandia beginning in 1991 has been used to
accurately measure the outflow flow rate of well drilling fluids® in a partially-filled return
line pipe. Commercially available non-intrusive inflow meters, such as the current state-
of-the-art clamp-on Doppler ultrasonic flow meter, have been successfully employed on
drill rigs to measure fluid inflow rates’. These commercia inflow meters are being
evaluated by Sandia and compared to the industry-standard pump-stroke counter inflow
measuring technique. Comparing the real time inflow and outflow rates, while drilling,
provides the fast response delta flow (outflow minus inflow) needed to detect and treat
lost circulation.

This report addresses the current design of the Sandia RFM, the results of recent
laboratory and field tests, and the final design package being made available to industry to
produce and market this instrument.

Current Design Features

As documented in Ref. #2 above, during development of the RFM severa design
configurations were examined before settling on the original field-prototype design. Using
this design, severa prototype units were built and loaned to interested drilling and well
logging companies for field testing and evaluation. These prototype units basically
consisted of arotating polyurethane foam float wheel, with a counterbalance, attached to a
horizontal support shaft and mounted in a sheet metal housing. A pendulum potentiometer
was attached to the horizontal shaft in the housing to measure the angle (and thus the fluid
depth) between the float wheel and the return pipe. After testing, the loaned meters were
returned to Sandia for post-test evaluation. Results of these tests were mixed. When the
RFM was loaned, an instruction manual on installation, calibration and operation was
provided by Sandia. However, since thiswas still a developmental tool, instructions were
not always followed as intended, and routine RFM maintenance was overlooked or
neglected. We aso found that the field-prototype design was not as robust as required for
the rough handling encountered around drill rigs, and damage to the loaned units was
common. The severe environmental conditions (high mud temperatures, abrasive cuttings,



corrosive fluids, etc.) that the meter was exposed to while drilling geothermal wells, was
also worse than expected. Examination of the polyurethane foam float wheel revealed that
the foam was being eroded away during operation because of the abrasiveness of the
return mud/cuttings, especialy at the elevated temperatures encountered during
geothermal drilling operations.

M eetings and telephone conversations with industry users provided us with additional
features to improve the RFM design and make it more useful and acceptable to industry.
One user, Inteq, Inc., chose to redesign the prototype RFM housing, making it more
sturdy, so it could be employed on return lines where a sudden over pressurization, as
from awell kick, would not damage the meter housing. Thisimproved housing RFM was
returned to Sandia by Inteq after their field evaluations. Several features of this design
were incorporated into our design upgrade to improve the robustness of the RFM. In
addition, the Inteq unit was modified by Sandiato test other design features that were
later incorporated into our upgrade. Improvements in the design of the RFM were begun
by Sandiain late 1995. A complete design-upgrade drawing package was prepared, using
AutoCADIt software, and these files are available to interested industry manufacturers.

To improve the wear resistance of the float wheel we chose to fabricate awheel from thin
sheet metal instead of foam. The shape selected was similar to the prototype polyurethane
foam whedl, see Figure 1, and the material was type 304 stainless stedl (SS). Another
feature added to the wheel assembly was an adjustable stop plate that allowed the wheel to
be positioned close to, but not touching, the bottom ID of the return line pipe. This
permits the wheel to begin rotation at a much lower flow rate than that required to lift the
wheel off the bottom ID before it can start to rotate. Since the wheedl is counterbal anced
on the RFM, the buoyancy difference between the two wheels was minimized; however,
the additional mass of the SS whedl did require higher fluid flow velocities, in contact with
the convex dimple upsets on the wheel periphery, to initiate rotation. We also found that
during rotation the shape of the prototype wheel caused it to be pulled deeper into the
fluid than desired. Subsequent laboratory testing with a SS wheel that employed fins
instead of upsets on the wheel periphery, reference Figure 2, provided a solution to the
start-up rotation problem and resulted in a more stable wheel (Iess bounce) on the agitated
surface of the fluid at high (>500 gpm) flow rates.

Accumulations of mud and other debris on the wheel sometimes necessitated field
adjustments to the counterbalance to maintain desirable wheel stability. Since the
counterbalance on the prototype was located internal to the RFM housing, adjustments
were difficult. Changes were therefore incorporated into the upgrade to move the
counterbalance outside of the RFM housing and to aso provide a port in the housing to
allow access to the whedl shaft for attaching a portable field scale that is used to measure
the counterbalance/wheel weight differential when making counterbal ance adjustments.
To protect the counterbalance from exposure to the harsh drill rig environment, it was
installed in acommercia steel instrument enclosure (NEMA Type 4) that was attached to
the outside of the RFM housing.
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The resolution of the pendulum potentiometer, used to measure float-wheel-to-pipe angle
and thus fluid depths in the return line pipe, was limited. The pendulum potentiometer
was replaced with arotary potentiometer to measure this angular displacement. The bias
voltage applied to the rotary potentiometer was set higher than the voltage applied to the
pendulum potentiometer, to provide a better output signal-to-noiseratio. In addition, a
commercial precision speed-reducer gear box with a 4:1 multiplication factor was placed
in series between the RFM shaft, used to measure the float-wheel -to-pipe angle, and the
rotary potentiometer. This4:1 increase per degree-of-change for the float angle, aong
with the higher output voltage signal, produced increased sensitivity to fluid depth (flow)
in the outflow pipe. This equipment was mounted in the same instrument enclosure used
to protect the counterbalance. Both the enclosure and this equipment were designed to be
installed on either side of the RFM housing to facilitate access for calibration and

mai ntenance when used on adrill rig.

One of the problems encountered during field
evauations of the prototype RFM were false
flow indications. When outflow was
terminated and debris in the return line pipe
prevented the float wheel from resting on the
bottom ID of the pipe (zero flow position), a
false flow indication was presented. As
documented in Ref. #3, during initial
development of the RFM, rotational speed of
the whedl was eliminated as a method to
measure return-line pipe flow. However,
when wheel rotation was integrated with
float angle (flow) indication, an “if”
statement could be programmed into the flow
data equation, such that flow indication was
only valid when wheel rotation was
occurring. To measure wheel rotation, a
Hall-effect magnetic sensor was attached to
the whedl shaft, and a magnet, to actuate the
— sensor, was mounted on the wheel (Figure
Figure3 3). The Hall-effect sensor isingtalled in a

fabricated housing designed specifically for
this sensor and epoxied in place to provide a water-tight assembly. When in use on an
operating RFM, if the measured whedl rotation is zero, then the RFM outflow indication is
presented as zero. This technique presents a problem if the Hall-effect sensor fails or if
the whedl isjammed and prevented from rotating when outflow is obvioudy present. We
incorporate a switch in our data acquisition software to bypass the “if” command and
override afase zero indication, until the problem can be identified and resolved.



With the RFM configured this way, we were able to measure fluid outflow rates as low as
50 gpm and detect fluid losses as small as 2% of flow (10 gpm loss at 500 gpm flow)
under laboratory conditions, (see Figure 4 ).
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Intrinsically-safe barriers are provided on RFM electronics to meet the safety requirements
of oil and gas drilling applications.



Laboratory Test Results

The Sandia Wellbore Hydraulics Flow Facility (WHFF), operated by the Geothermal
Research Department, was used extensively to test and evaluate the RFM before it was
employed in field operations. As shown in the WHFF diagram in Figure 5, the fluid flow
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Figure5

rates can be controlled by metering valves and measured with magnetic and/or Doppler
flow meters, and an independently measured flow loss can be introduced during testing to
model awellbore loss zone. Water was the primary fluid used during initidl RFM testing,
however, drilling muds were also used during final testing and evaluation prior to field
application.

As stated previoudly the Sandia/lnteq modified RFM (MRFM) was atered to assess the
upgrades prior to incorporating them into the final RFM design. This modified unit was
then attached to the WHFF simulated return line, (Figure 6), for testing and evaluation.



These upgrades included: the SS wheel
with fins, the externally adjustable
counterbalance, the rotary
potentiometer with the 4:1 ratio gear-
box multiplier, and the Hall-effect
sensor to monitor wheel rotation. The
MRFM power supply and data-
acquisition circuits were designed and
assembled by Sandia, and the data was
recorded using National Instruments,
Corp., LabView software.

The MRFM was calibrated in the
laboratory against a magnetic flowmeter

(4" Yokogawa ADMAG). Typica
calibration datais shown in Figure 7. Testing was done to evaluate the effect of wheel
weight on MRFM
operation. The

Data from “10/28/96.call” counterbalance was
¥ = DAGSZE + 36.105x + F9114x42 - 3.5207x3 Rz = 1.000 ajj uam tO Vary the
wheel down-weight from
50g to as much as 1000g.
oo The return line flow rate
1 was set at 500 gpm for
. I these tests. The
counterbalance was
adjusted to provide
=0 minimal float whedl
bounce at 500 gpm and
0 — : : dtill achieve lift-off from
i ‘ 2 : the stop plate at 30 to 50
ROLFLT. VOLTS gpm. Lift-off from the
stop plate is the point at
which the MRFM begins
to register fluid depth in
the return line or
increasing flow. The best wheel down-weight for the MRFM was approximately 750g.
Below 5009, wheel bounce was excessive, and above 1000g the flow required to lift the
wheel off the stop plate was greater than 50 gpm. Additional testing was then conducted
to evaluate the operation of the MRFM at various return line angles. The return line was
positioned at the angles of, 2°, 5°, 8.5°, and 12°, and operational parameters like bounce,
calibration, and minimum detectable loss were verified. No significant differences could
be detected when the return line angle was changed. An opportunity to field test the
MRFM became available when SNL was requested to oversee dimhole drilling operations
for several exploratory geothermal wells. Prior to taking the MRFM to the field for

MAGMETER

Figure7




testing, a smulated return line pipe that modeled the expected field return line pipe was
constructed at the WHFF and used to verify MRFM calibration and operation under these
conditions.

Ktech Corporation, atechnical contracting and manufacturing firm in Albuquerque, NM,
was contracted by Sandia to fabricate and assemble a prototype RFM produced from our
upgraded design package. This fabrication was done in parallel with MRFM laboratory
testing, thus any changes resulting from MRFM testing could be quickly incorporated into
the Ktech prototype RFM during production. No changes were required, and the
completed RFM was delivered to Sandia on 10/22/96. This unit was installed on the
WHFF and evaluated at various flow rates, return line angles and wheel down-weights.
The RFM power supply and data-acquisition circuits were also designed and assembled by
Sandia, and the data were recorded using National Instruments, Corp., LabView software.
Figure 8 shows atypica RFM calibration curve against the WHFF magnetic flowmeter at
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the optimal operating parameters of 750g wheel down-weight with areturn line angle of
8.5°. Theflow required to lift the wheel off the stop plate was approximately 50 gpm, and
the peak flow applied to the RFM was 925 gpm, which is the maximum output of the
WHFF pump.

The magjority of theinitia testing on the RFM was completed using water as the simulated
wellbore fluid. However, the RFM was used during the evauation of several commercia
non-intrusive inflow meters on the WHFF. These meters required the use of drilling
fluid/mud to adequately assess their performance. Therefore, the RFM was operated



extensively with mud as the simulated wellbore fluid in the WHFF. Figure 9 indicates a
typical RFM cdlibration curve against the WHFF magnetic flowmeter while flowing
drilling fluid/mud.
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500

¥ om 35331 - 36,948 + 1561342 R = 1.000

400

Ao

—a—  MAGMETER

MAGMETER

2060 1

0.4 0.8 . 0.8 1.0 1.2 1.4 1.6 1.8

ROL.FLT, WOLTE

Figure9

Field Test Location Summary

The MRFM was installed on several geothermal exploratory slim hole drilling operations®
involving Sandia. The wells were drilled by the U.S. Army on the McGregor Range of the
Fort Bliss Military Reservation near El Paso, TX. Thiswork began in November 1996.
The following is a short summary of MRFM use on these tests:

In all casesthe MRFM was used only until a4.5” casing was installed in the well and core
drilling operations began.

Well 46-6

MRFM installed on 11/10/96 - 11/11/96.

MRFM calibrated on 11/11/96.

4.5" casing cemented and MRFM removed on 11/25/96.
Total depth of well drilled ussng MRFM was 707'.
MRFM operation time was approximately 14 days.
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Wl 45-5

MRFM installed on 12/17/96.

MRFM calibrated on 12/18/96.

4.5" casing cemented and MRFM removed on 1/14/97.
Total depth of well drilled usng MRFM was 596'.
MRFM operation time was approximately 15 days.

Well 61-6

MRFM installed on 2/17/97.

MRFM calibrated on 2/17/97.

4.5” casing cemented and MRFM removed on 2/22/97.
Total depth of well drilled usng MRFM was 630'.

MRFM operation time was approximately 5 days.

Well 51-8

MRFM installed on 3/9/97.

MRFM calibrated on 3/9/97.

4.5” casing cemented and MRFM removed on 3/28/97.
Total depth of well drilled usng MRFM was 529'.

MRFM operation time was approximately 19 days.

The RFM was installed on two large-diameter geothermal well drilling projects at sitesin
Cdliforniato evaluate the current design. The first test was conducted solely to evaluate
the RFM in alarge-diameter geothermal well drilling environment. The second RFM
evaluation test was done in conjunction with tests being conducted by Sandiafor the
Geothermal Drilling Organization (GDO) to evaluate the effectiveness of nitrogen-foamed
cement when used to treat lost circulation in geothermal wells. The RFM was used to
assist in monitoring the results of the cementing technique during the drilling operation.
The following is a short summary of these tests:

Cdifornia Energy Company, Inc., Imperia Valley Geotherma Field, Well location
- Del Ranch #10

RFM installed on 3/4/97.

RFM calibrated on 3/5/97.

RFM removed on 4/9/97.

RFM operation time was approximately 35 days.

Cdlifornia Energy Company, Inc., Coso Geothermal Field, Well location - Navy 11
76B-18

RFM installed on 8/27/97.

RFM calibrated on 8/28/97.

RFM removed on 10/27/97.

RFM operation time was approximately 60 days.

11



Fied Test Results

Simhole Wdll Drilling

The MRFM was selected for use during the Fort Bliss slimhole drilling operations because
of itsavailability and the opportunity to further evaluate the MRFM performance during
actual drilling operations. The origina prototype RFM had been evaluated under similar
conditions, and direct comparisons could be made to MRFM operation and thus to
upgrade-feature performance.

The MRFM mounting flange was installed on the return line and the MRFM attached to
the flange. Thereturn linewas 6", schedule-40 stedl pipe with the output end attached
directly to the possum belly on the rig mud-tank shaker box. The return line was
positioned at a9.7° angle from the pitcher/flow nipple on the rig mud riser to the mud
tank shaker box. The MRFM underwent constant vibration as a result of being attached
directly to the shaker box. Under normal conditions vibration on alarge diameter
geothermal drill rig is a common problem; thus the vibration from the shaker box was a
good method to evaluate vibration effects on the MRFM upgrades.

These wells were drilled at a high dtitude, semi-arid desert location during late fall and
winter. Ambient air temperature variations at the well site were extreme, often very cold
at night and warm during the day. Since the MRFM was only utilized during rotary
drilling of the first 500" to 700" of each well, only minor changes in drilling fluid
temperatures were encountered.

The MRFM operated as designed during each drilling operation. The only significant
problem encountered was a sudden offset in the no-flow voltage signal a one point. This
occurred while drilling the second well. Investigation of the MRFM gear box-to-rotary
potentiometer connections revealed that a shaft connecting collar was loose, alowing
dippage between the gear box and rotary pot shafts. This connection was tightened and
the MRFM recdibrated. Ambient thermal cycling may have contributed to this collar
clamping problem. No additional occurrences of this type were noted. Locktite adhesive
isnow employed on all critical threads to prevent this type of sippage.

The MRFM was employed to monitor and detect lost circulation that was occasionally
encountered while drilling these wells. It was also used by the driller to help maintain his
drilling rate by monitoring fluid returns while drilling. This assisted him in making
decisions concerning possible booting (filling or plugging) of the drill pipe annulus with
rock chips. The outflow data helped him decide when bit pull-back, to wash out the well,
was desirable and when adequate flow was reestablished so he could put weight back on
the bit and continue drilling.

12



Large-Diameter Well Drilling

The upgraded RFM was first employed on alarge diameter geothermal drill rig at the
Cdifornia Energy Company, Inc., (CaEnergy) Imperia Valley Geotherma Field, Del
Ranch #10 site. Thiswell was drilled by CalEnergy, in an established geothermd field, as
a production well for existing power plant utilization. The well islocated near Calipatria,
CA, and was drilled over afive-week period during the spring when air temperatures were
mild both during the day and at night. Sandiawas invited to conduct drilling fluid inflow
and outflow instrument evaluations while this well was being drilled.

The RFM mounting flange was installed on the drilling fluid return line pipe during well
spudding procedures. The return line was a 10", schedule-40 steel pipe and was
positioned with a9.8° dope from the pitcher/flow nipple on the rig mud riser to the mud
tank. The RFM mounting flange was welded to the return line, as directed by Sandia,
over a6”-wide X 21”-long opening in the pipe. This opening was torch cut into the pipe,
and the ragged edge from the cutting operation had to be ground smooth, along the 6”
wide edges, in order for the RFM wheel axle to properly clear the 6” opening and operate
correctly. The RFM mounting flange was positioned so access for installation and
maintenance of the RFM was available from the drill-rig mud-tank work deck, (see Figure
10).

The RFM was secured to the

mounting flange, and the float
wheel was adjusted for zero-flow
conditions. The RFM
counterbalance was adjusted for
approximately 7509 float wheel
down-weight. Calibration of the
RFM against the drill-rig mud-
pump stroke-counter was then
compl eted.

The RFM, with several minor
problems, operated satisfactorily
during this five-week drilling

Figure 10

period. Thefirst problem
encountered, two days after starting to drill, was caused by alarge piece of debris
(probably clay knocked off the wellbore by a drill-pipe centralizer) becoming lodged
between the float wheel fins and the float wheel mounting shaft. This prevented the float
wheel from rotating, and thus a no-flow condition was displayed on the RFM data-
acquisition monitor. When the clay was removed, and the wheel was free to rotate, the
RFM was returned to normal operation. Another problem occured with the Hall-effect
sensor/float-wheel rotation-monitor several weeks into the operation. This was caused by
the accumulation of a magnetic materia (possibly magnetite or fine metal chipsin the
drilling fluid) on the float-wheel magnet. This materia interfered with the Hall-effect
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sensor signal and resulted in the rotation indicator circuit displaying a no-flow condition
when, in fact, flow remained constant and the float wheel was rotating. When this
material was removed from the magnet, the Hall-effect sensor worked properly. The
magnet was cleaned periodically, but eventually it had to be replaced to maintain Hall-
effect sensor operation. The magnet was replaced twice during the five-week drilling
period. The last magnet was coated with an epoxy to minimize exposure of the magnet’s
surface to the drilling fluid. The final problem, although not causing a malfunction,
exposed the RFM to extreme temperatures and pressure pulses. To maintain the drilling
fluid temperatures below 160° F, the rig operator installed a mud chiller in the drilling fluid
system. At one point in the drilling operation, while the drill string was being tripped to
replace a bottom hole assembly, the mud was not being circulated and the downhole mud
temperatures rose significantly. When drilling operations resumed and the hot mud
returned to the surface it flashed to steam. Some of this flashing occurred in the return
line pipe, causing the RFM float wheel to be suddenly forced high enough in the pipe to
impact the top of the RFM housing. This flashing and float wheel impact occurred several
times before cool mud was circulated to the surface and the flashing subsided. The RFM
operated normally during the remainder of the drilling operation. Post-test inspection of
the RFM float wheel revealed a bent fin, see Figure 11, but no other apparent damage

Figure1l

resulted from the high mud temperatures or flashing steam pulses. Since the fins are
welded to the whesl, the bent fin was easily straightened.

The RFM was disassembled, inspected, cleaned and re-assembled in preparation for
additional field testing. New bearings were installed in the wheel. A new magnet with a
protective coating on all exposed surfaces was installed on the wheel to improve Hall-
effect sensor reliability. In addition, an adapter plate for a hinge between the RFM
housing and the RFM pipe flange was designed and fabricated to enable an operator to
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easily disconnect and rotate the RFM assembly off the pipe flange, for field repairs or
maintenance, while it still remains attached to the return line pipe.

The second field test for the upgraded RFM was at another CalEnergy site. Thiswell was
in the Coso Geothermal Field, on the U.S. Navy’'s ChinaLake Naval Weapons Center
located near Ridgecrest, CA. This new production well was located at the Navy Il 76B-
18 pad and was started in late summer and completed in early fall 1997. Weather
conditions were mild with some periods of heavier-than-normal rain, but overall moderate
ambient temperature conditions. Sandia was participating in this drilling project to
evaluate the effectiveness of nitrogen-foamed cement when used to plug loss zonesin
geothermal wells. The RFM was used by Sandia to document the extent of the lost
circulation both before and after applying the foam cement. Data output from the RFM
was also provided to the on-site well logger.

After well spudding was completed, the RFM mounting flange was attached to the mud
return line pipe. Thereturn line was a 12", schedule-40 stedl pipe that was positioned
with a’5.0° dope between the pitcher/flow nipple on the rig mud riser and the mud tank.
The RFM was located along the return line where access to the RFM, for maintenance and
troubleshooting, was available from a sub-deck on the drill rig. Dueto the large return-
line pipe diameter and the new spacer plate and hinge addition to the RFM assembly, the
as-designed stop-plate zero-flow adjustment limits were insufficient to permit the desired
adjustment of the float wheel. Therefore, some minor modifications were required to the
RFM stop-plate before final float wheel adjustments could be made. When the stop-plate
modifications were completed, the RFM was secured to the mounting flange, and the float
wheel was adjusted for zero-flow conditions. The counterbal ance was adjusted for
approximately 750 g wheel down-weight. The RFM flow was calibrated against the
inflow flow rate that was measured with a commercial Doppler flowmeter provided by
Sandia

The RFM was used extensively during the 60-day period when mud was used while
drilling. Only minor problems with the RFM were encountered, none of which required
extensive down time. The float-wheel rotation magnet, as noted during the previous field
evaluation test, began to accumulate metallic material on the magnet surface. Thiswas
noticed after several weeks of drilling and became more noticeable after casing was
instaled in the upper 4500" of the well. The protective epoxy coating over the magnet did
help prolong the magnet life. However, ferrous metal in the mud return seems inevitable
when the wellbore has a steel casing, steel drill pipe, and a steel bit that al are being
burnished/rubbed against hard rock or against each other while in use. The buildup of this
materia on the magnet surface adversely affects the Hall-effect sensor operation by
reducing the strength of the magnetic field required to trigger the sensor. Wiping the
magnet periodically (once a day) seemed to minimize the problem, but a more permanent
solution would be to replace this rotation detection method with one that did not require a
magnetic field for operation.
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Drilling fluid temperature is a concern during geothermal well drilling operations. To

maintain the mud temperatures below 160°F a mud chiller was employed in the drilling

fluid system. Frequent use
of lost circulation materials
during drilling necessitated
bypassing the mud chiller,
resulting in high temperature
gaseous drilling fluids.

When the downhole mud
temperatures rose
significantly, the hot gaseous
mud being returned to the
surface caused a kick or
flashed to steam. This
pressure pulse entered the
return line pipe, causing the
RFM float wheel to again be
suddenly forced high enough
in the pipe to impact the top
of the RFM housing. This
pulsing and float wheel
impact occurred several
times before the mud quality
improved and the pulsing
subsided. Post-test
inspection of the float wheel
again revealed bending
damageto severd finsasa
result of impact initiated by
the high temperature drilling
fluids.

In Figure 12, selected data
form the above field tests is
plotted showing how typical
drilling fluid losses were
recorded using the RFM.
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Final Design Package

The final design configuration of the RFM is shown in Figure 13.

16




LIEAINPEIEEE

s

002—W4d 03T4ISSYIONN
11 WA O3T4ISSYTIONN
“A1ENISSY M
002N Aeuassy = IWIN 3114
SINRINOR WHINTD 0000066 | N
O Wid 33HA ONISNOH 102N |3
{1 NJ¥ H3ADD STV EIERE ]
I W48 dvE LOAId S02-HR |1
IL WAy ALv1d dOLs [IE 3
0 WS TIIHM (LIS ERIE] 3
10 W4 “LIVHS 19INOZIAOH 902-HR T
1L W3d “LioHS 87 ‘MELdvTe [02-NR T
B 11 N ‘FINGTS ONLLNADW s02-Wa |
[ NJY “L3vHS N LNOZEAOH "33A0J 602-NR | 1
I W ¥TINI3 ay3 ¥Tovas (R I
I W ‘L0d 300038 W39 “L3H0veE TE-NR |1
1L W38 XD €0 AIAI BEE] 1
I0 W4 WIINIDA LIVHS WANDZIMH ‘ONIY =RV
I W 3LV Td HSYTdS 912Uy 3
11 W48 ILY1d d1LS ‘&1 ONILSIMaY JiERTY] 1
11 N TMIS DNILSAFQY TTICHS ERES] 3
0 WA ‘3lYTd dOLS ABMOS ONLISTEOY BES TN
U1 N4Y 'X08 3NV VA a3LNNOD (eI
I Wid ‘A3AD3 304vd [
11 WA ‘L3AS¥D 3O ez | L
1L U3 “13%SY9 X0H 69 (R
T W "9OSN3S 133443-1WH ONISAOH vE2-RA T
I W4d JUCSNT “Q9ND HSYIdS R R
IC W48 “TINYEINL ‘T TIHS HSYTdS See-wa | T
IL WA 3WSLND ‘129N HSYIdS Lz T
I Wsd TTHA SS .8 8- | 1
I W33 30NV IVE AIINNOD ‘LAVHS R EC R
I WA ¥V IOATd ‘M3MIS 13S (=R
T W3¥ 'TINVIVE 3INNDD B296 eI
11 W33 “3INGIVE eOUNDD SsEs2 ELE] 1
{1 N3¥ SO0H INIAAIHS gee-had | 1
I Wid ‘§3ADD LINOWA PR
I WA INNEE TIHA CIATITS Seo-ay | 2
& 01198 1% ‘HOLId 9 'A.SSY #v3D TWaLIH a-sI 1
+ 05 TIN4 930 S4E '23LIAOLNALOL A¥OL0N 03¢ -201d3 3
S VIT LSLEDSIC LA0D WNRIYNYS ‘LINDYA S/e-00s T
3 19310 INNDA d0L0A 121 A
€ SI/E OL B8/1 ‘9NN 3A3TT 6-10 1
€ b/1 01 51/6 ‘ONIIdN0) IAITIS -l T
L T08 0E/E° 'SW3S 2 'SS 'INIvE WIvA sap-sss 2
£ 303 D0OS ‘STW3S 2 'SS ‘ANINV3E JvIavd suz-8asS El
5 | 13vHS .8/E “WNAILX3 ‘ONId ININIVITH LE-0018 z
3| LIVHS .S1/E TONEIIX3 ‘INE ININIGLIA ar-00s v
3 103443 TRH '¥OSNIS NOILYLON NiEIENHD 1
§ |97 .1 'SS 'vI0 91/€ 'Nid ISYI Y >IInn 201958606 T
8 |IND7 20 ‘T1EY9 U3LYDI-NOTAN QEVANYT 1ZevarEns v
o 39NY TS ONDXLS /A I8 TONDAYL 91E/WE-152 1
97 C/E' X INA9S-2 'SS 3S dvd TH J0S 13
1 881" X ONNSS-2 'SS DS d¥D (H 08 3
91 GZE X NA0F—+ 'SS ‘IS b3 OH J0S L
97 SLE X NADP-b SS ‘M0 20S 'S OH U 2
D7 G/E" X IN126-9 'SS '3S dvd W 3OS ES) 3265 IM 40 NADYEL
971 SLE° X 4NI2E-01 'SS ‘S dvd T4 J0S 22 oL AOnEEEE N e
57 005 X ANNZE-DF ‘SS ‘IS d¥0 OH J0S st NOM4 O3NIVLHD 38 AVW 0T
97 001 X INNEI-91/C 'SS '35 dvd OH X3H + .
97 821 X INNBI-5L/S 'SS 35 dvd OH XaH El SI0SL XL ‘NOLTTONY
T3 AGSDHD A SI2
“ONC “ASDIONHI3L 3Ld0
W04 O3NIV1S0 38 AVK 6
INNZE-9 'SS ‘ONDIITT "X LN 3
NNZE-0T 'SS XaH ‘LN 5 0960-+G106 ¥O 'STTIINY SO
e o 09645 X0E Td
INMBE-SL/S 'SS INDAITT X3 LN Ell 03 A0S e o
JNNv2 8/ 'SS X3 TINN € D34 INIVIE0 38 AYW '8
ANNY2-6/€ 'SS NIHL X3 LN 50-28052SH 2 P —
INN02-b/1 'SS"INIM "LON T e
‘00 SIOOTONHOIL TWIALSNANT NyHY
S — = WOMA OINIVLEO 38 AVW L
JBE SS SBINGS 1971 WS = TOTIE AN ALID_ONYIST 9N
Td TALSY STk
NI MIONIHON - S30 WA
QAL SIATVM
WO CINTYLED 38 AVH 9

$008 03 Y0¥ I1USvd

WOES ENIVIED 36 AVH S
2b0b-£0650 1D 'TADINYLS
30y XDE '0'd ‘30 §93W0 1
NI ONLJZINLANG v3AD
WONA OINIVLED 38 AWK b
$001-29290 13 ‘AMNEITCAIN
v00 X08 ‘0'd "0 NOSN3E 98
'dd00 SINTNOND WIHISNINI NOISIOLNd
WDMS ENIVIED 38 AVH €

ATEAISSY SIHL 40 Lavd 3007 ¥ ST 8 WILD 3914 <g]

0000066 NOILVI1I193dS WIINGS ¥3d 3o SLNIWIMIMOIY TWHINID T

£6/51/T 129 ‘HITNLS/ YD v

S3LON

09

&

6C

S o

44

~

A8 m @ Qe

Figure 13

17



The complete drawing package is presented in Appendix A. Drawing revisions for the
addition of the maintenance access hinge to the RFM housing and the new hinge spacer
drawing are aso included in Appendix A. AutoCADIt files of all mechanical drawings are
available upon request. A schematic diagram of the electronic circuit and hardware used
by Sandiato power the RFM flow-rate rotary potentiometer and float-wheel rotation Hall-
effect magnetic sensor are provided in Appendix A.

Recommendations for RFM installation on atypical return line pipe, normal field

mai ntenance procedures, post-field reconditioning and readiness techniques, and
procedures used to prepare the Hall-effect sensor for RFM installation are included in
Appendix B.

Conclusions

The RFM has been evaluated thoroughly by Sandiain the laboratory and during drilling
operations at both large diameter and slimhole core wells. Thisinstrument provides
reliable accurate drilling fluid outflow measurements in a partidly filled return line pipe.
These measurements can be used to monitor drilling fluid flow rates, from less than 50
gpm to 1000 gpm or more, while drilling awell. The RFM design has undergone
continuous improvement during its development process. This has produced a rugged,
adaptable instrument that can function reliably under the severe environmental conditions
encountered on a geothermal drill rig, while still providing asmpletool that is easy to
install, maintain, and operate.

The cost to produce a single prototype RFM is estimated to be approximately $10,000,
however, cost reductions are likely if it is produced in quantity.

The Sandia Geothermal Research Department is available to assist in transferring this
technology to potential industry users viatraining on installation and operation of the
RFM and to consult on design features or desired modifications that would lead to
improvements and/or wider industry applications.
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ND T E S conreor BRuser  [15S| SORET |PREPARTD BY DESCRIPTION DATE crrR | aPVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
D BOND GASKET (ITEM 2) TO COVER (ITEM 1 USING ANY RUBBER
BASED ADHESIVE PER THE MANFACTURER’S INSTRUCTIONS.
D
5.75¢.03
BX. .218/.226 THRU 1TEMS 1 & 2
5003 —ef [———————————— 475: 03 —————————————t]
ITEM 2 ONLY 1TEM 2 ONLY
1 — a - - LD
1 A 1
R (IR T T R
Yoo u) - _ _ —_ rf
5.75¢03 d hd
| | | 1
c
4.75:.03 1 |
ITEM & DMLY ! ! 5.2502.010
4125t 010
| [ ! 1
. N [— — - _ -
A\ 24 3/ *
| , 1.1251.010
\ + ‘
- - - _ ~
A%y
.50%.03 J .2501.020 —-f
B ITEM 2 ONLY
— - m— 11251010
4x, 25t.03 MAX R
ot———————————— 41252010 =] 1TEM 2 ONLY
. 2502,020 —a |l 5250£.010
1 RUBBER, SHEET, BUNA-N, 40 SHORE DUROMETER, 063 THK 2
1 00-S-766 STAINLESS STL, TYPE 304, SHT, 06 THK 1
NA 9900000 GENERAL REQUIREMENTS
NO SHEET
REQD) PART/CONTROL NO. DESCRIPTION/MATERIAL NOTE] ZONE ITEM
FARE FILE NAME = Access Cover RFM202
snget |1 ) 2|34 s T1TLE TITLE CLASSIFICATION
A
e | ACCESS COVER,
PART CLASSIFICATION
UNCLASSIFIED RFM TI
BRAWING CLASSIFICATION _ |SIZE|pRAVING Q»PtM
UNCLASSIFIED |C -202
I [rsewra213]scace: 1/ Jsneer 1 or g
STATUS JoriGIN_ SC-ANI-VI1.20

GEOMETRIC PRECISION = .000) 3 ? a 1



AEVISIONS
N D T E S conrene mompcr |15 SHEET [PrepaReD BY DESCRIPTION DATE crxr | apvo
A GLOWKA/STALLER, 6211 11/15/97
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: STAINLESS STEEL, TYPE 304. ROUND,
3. PASSIVATE PER SANDIA SPECIFICATION 9904301, AFTER MACHINING.
D
—— [~e— .3751.020
¢
\ 1907.195, THRU
_’ <_
7 /‘4"\
—— ~ 9625 STOCK —@
B i
s 1
N~ 377,380 X {124.03 DEEP
|t 5.000£.020
, \~ 3/8-24UNF-2B TO DEPTH SHOWN
PART oo c aoir Bar RFH203
€00e FILE NAME = Bar RFM203
sueet (12| 3lalsle | TITLE CLASSIFICATION
AL - PINVOT B

ISSUE | A v DAK

PART CLASSIFICATION

UNCLASSTFIED RFM 11

DRAWING CLASSIFICATION S1ZE{ DRAWING NUMBER

UNCLASSIFIED {C RFM-203

1 [rscri4213]scAe i/i [smeeig or g
STATUS [oriGIN_SC-ANI-V1.20
GEOMETRIC PRECISION = .0001 I' s ? = ll i
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2X. 4-40UNC-2B X .381.03 DEEP

) b

8751010

5632.020

F

1252010

REVISIONS
ND T E S conrany DR per  [15S| $hRET |PrerareD By DESCRIPTION PATE cHir | aPvD
A GLOWKA/STALLER, 6211 11/15/97
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.

2. MATERIAL' STAINLESS STEEL, TYPE 304, PLT, PER GG-S-766, .250 THK,

3. PASSIVATE PER SANDIA SPECIFICATION 9904301, AFTER MACHINING.

le— 2X, .5001.020

/ax,p

2X, 1.250%.010
2%, 500,020
4ax, 218/.226

R

1

2.00t03
502,03 4
—_— 1.5004.010
—
.7502.020
2502020
18103 [—

1.881.03 ——

!

B

.23 STOCK —J

PART

cope FILE NAME = Stop Plate RFM204

G MEEIRER

TITLE TITLE CLASSIFICATION

ISSUE [ A

STOP PLATE,

PART CLASSIFICATION

RFM II

UNCLASSIFIED
UNCLASSTFTED (€] "KE M-204

| [rscuiaz13]scaesy [sueet 4 or g
STATUS [oriGIN_SC-ANI-V1.20

GEDMETRIC PRECISION = .000

1



REVISIONS
NOTES o BBl Raner 155 SKE" [Preparco 3y DESCRIPTION DATE ek | arvd
A GLOWKA/STALLER, 621) 11/15/97
). GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS II.
USING E308 ELECTRODLS PER AWS AS.4-Xx OR £R308 ELECTRODES
b OR RODS PER AWS AS5.9-XX.
2. PASSIVATE PER SANDIA SPECIFICATION 9904301, AFTER MACHINING.
DMACH]NE SHAFT TO DIAMETER SHOWN OVER THIS LENGTH ONLY.
—
6.00£.03
12512.020
[o4 J— 1.00£.03 R
1.00£.03 R 5 2.561.03
©.190/.195
4.062,03
0302015
150203 R CHAMFER
— |_\‘
[ 28122015 |
r 312£.020
-] -
.7501.020
350203
3/8-24UNF-2A .
—=] |w— 03747371
1065103
B
* r 03747371
' 9_)__ — . — — — MH
. f
©$.375 STOCK
9.7707.730 — l— 1.252.03 [T
] 1 STAINLESS STL, TYPE 304, 2
1 00-5-763 STAINLESS STL, TYPE 304, RND, .375 DIA 1
NA 9904301 PASSIVATION, STAINLESS STEEL
NA 9912119 WELDING, STAINLESS STEEL
NA 9900000 GENERAL REQUIREMENTS
RN PART/CONTROL NO DESCRIPTION/MATERIAL note| SERET § pem
PARLFILE NAME = Shaft Wheel RFM20S
N suer {4 (2] 3[4s|6 |10 TITLE CLASSIFICATION
1ssuc {A SHAFT, WHEEL,
PART CLASSIFICATION RFM
UNCCASSTF 1ED 1
AVING CLASSIE] S12E] DRAWING NUMBER
UNELASSTHTE DD REM-205
]| [rsemi4213]scae )/l [sncerlorg
sTaTLS JorIGIN SC-ANI=V1.20

GEQMETRIC PRECISION = 0001

1




i

2x, .029+.002/-.000

RETAINING RING
GROOVE WIDTH

NOTES
1. GENERAL REQUIREMENTS PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: STAINLESS STEEL, ROD, TYPE 304 PER 00-S-763
3. PASSIVATE PER SANDIA SPECIFICATION 9904301

MACHINE SHAFT 10 DIAMETER SHOWN OVER THIS LENGTH DNLY.

8.500+.010/-.000 ———————=

2X, ©.354/.350 J
RETAINING RING
GROOVE DIAMETER

fo— 3.0632.020 ——=

: — T

— [~ 2X. .500+.020

REVISIONS
cadhl Mare  [155| SeRET |ereparc oy DESCRIPTION DATE CHKR | APVD
B GLOWKA/STALLER, 621t 9/18/96
C REMODVED FLATS, ADDED CSK
> pLCS 9/24/96

[ 2x, ©.250/.245
I

1463103
le— 2x. 3.002.03 ——od
B ©.37S STOCK
2x. ©.374/373 10
‘ DIMENSION SHOWN
— T l__ — — | —_ )
. I K, 1 —J
(9.374/.373 —} '
—=t l— 2X, 1.0631.020
L-———————— 7.3124.020 ———————————
3%, 82°%1* COUNTERSINK 70 0302015 x 0302015
? .188/.198, MAX SPHERICAL R AT TIP .030. CHAMFER, 4 PLCS
PARIFILE NAME = Horizantol Shoft RFM206
sueet |4 ) 21345 e |Tt0E TITLE CLASSIFICATION
A
1ssuc | € HORIZONTAL SHAFT,
PART CLASSIFICATION RFM 11
UNCLASSIFIED
DRAWING CLASSIFICATION [SIZE| DRAWING NUMBER
UNCLASSIFIEDID RF M-206
| [rscraz13[scae 1/l Jswerd ory
S1ATUS [oricin SC-AN1-V1.2a
GEOMETRIC PRECISION = 0001 a 3 ? 2 1
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REVISIONS
NOTES conTaRT ORsEr  |ISS|SHEET|PREPARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS PER SANDIA SPECIFICATION 9900000, A GLOWKA/STALLER, 6211
D 2. MATERIAL: STAINLESS STEEL, TYPE 304 PER QQ-S-763. B DELEATED D-HOLE, 10-32 THD, 9/24/96
3. PASSIVATE PER A SPECIFICATION 9904301, AND R, EXTENDED 3/8-24 THD
ssl t SANDI CATION 99043 DEPTH, CHANGED LENGTH.
3/8-24UNF-2B, TD DEPTH SHOWN
.375/.380 THRU
C
1.00£.02 —#= fet—
+
'—3"—“ * F:::: v<
()) 1.00£.03 E____C/
B
=l |l 375t.020
[t— 1.50+.03 -~
—— let— 754,03
PART FILE NAME = Adopter CB Shaft RFM207
SHEET (1 [ 2| 314|156 |TITLE TITLE CLASSIFICATION
ISSUE | B ADAPTER, CB SHAFT
PART CLASSIFICATION RFM 11
A UNCLASSIFIED
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
UNCLASSIFIED | B M-207
[ Jrscu14213]scaLe |1 [SHEET 1 OF |
STATUS IDRIGIN SC-AN1-V12a

GEOMETRIC PRECISION = .0001

3 % 2

1
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NOTES

. GENERAL REQUIREMENTS ARL PER SANDIA SPECIFICATION 9900000

MATERIAL: STEEL, ANGLE, BAR SIZE. ASTM-A36, 2x1.25x.25.

. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS L

USING £70xXx ELECTRODES PER AWS AS1-XX OR £70S-X
ELECTRODES OR RODS PER AWS AS.18-XX.

REVISIONS
cotel Busee  |'sS TEET[Preearco 3y DESCRIPTION DATE cHxr | APVD
A GLOWKA/STALLER, 621 11715797

22.2502.010
11252010 —=f je—————e— 20.0002.010 (5 EO SPACES @ 4.0004.010) —————r—mrr—en]
375:.0207 [—
1 Il 1
& - —— —?-—————4?————4}—"———--—-——{}-
N 1
] ]
o ! et
| I !
' H i
7.7502.010 Vot | b 8.502.03
) ~ ]
5.8754.010 | i i : '
1 I :
) .
T 1% H er
18752 010 |1 1| +
125 STOCK, TYP
13754020
16X, .340/.350 THRY A F+— 200 STOCK, TvP
4X -_—
174
23.00£.03
25 sTacK, TYP
L | | | | pl
1 ;l 1 H T 1 l; i
| kl ! i | I lj f
1 1
1 1
PARTFILE NAME = Mounting Flonge RFM208
sweet |1 | 2| 2la |56 e TITLE CLASSIFICATION
1ssue | A MOUNTING FLANGE,
PART CLASSIFICATION RFM 11
UNCLASSIFIED
Aw], CLASSIEICATI [SIZE| DRAWING NUMBER
ORELASSTH T n[D RFM-208
| Jrsema 2130 scaens2 Jseccviory
sTatus [oricin SC-ANI-V1.20
GEOMLTRIC PRECISION = 0001 4 3 f 2 1




] | S

NOTES e S —

PART OR
CONTROL NUMBER 1SS} ZONE PREPARED BY DESCRIPTION DATE CHKR | APVD

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. B GLOWKA/STALLER, 621) 9/18/96

2. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS 1],
USING £308 FLECTRONES PER AWS AS.4-XX DR £R308 ELECTRODES
OR RODS PER AWS AS.9-XX.

D 3. PASSIVATE PER SANDIA SPECIFICATION 990430}, AFTER MACHINING.

BOND GASKET C(JTEM 4> 7O COVER FLANGE C(JTEM 2> USING ANY
RUBBER BASED ADHESIVE, PER THE MANFACTURER'S INSTRUCTIONS.

S. ALTERNATE METHOD Of FABRICATION. JTEM 3 MAY BE ROLLED AND
WELDED.

.2187.226, THRU. 6 PLCS
EQ SPCD WITHIN 010 ON
A 2.0001.010 DIA. BC.

060 STOCK
c
® 2.520/2.500 N
_— - — = — = ¢ 1.500 STOCK
¢ 1.370/1.380 N
—
1716
.298/.312, THRU
060 STACK 26881020 — =~ |[=s— 060 STOCK
B
1 RUBBER, SHEET, BUNA-N, 40 SHORE DURBDMETER, .063 THK 4
1 STAINLESS STL, TYPE 304, TUBING, 1.5 OD X 065 WALL S 3
1 00-5-766 STAINLESS STL, TYPE 304, SHT, 16 GA 2
1 QQ-5-766 STAINLESS STL, TYPE 304. SHT, 16 GA 1
NA 9904301 PASSIVATION, STAINLESS STEEL
NA 9912119 WELDING, STAINLESS STEEL
NA 9900000 GENERAL REQUIREMENTS
NO SHEET
REQD| PART/CONTROL ND. DESCRIPTION/MATERIAL NOTE ZONE 1TEM
PART FILE NAME = Cover Horizontal Shaft RFM209
seer 1] 2] 3]alsle i TITLE CLASSIFICATION
A
1ssue | B COVER, HORIZONTAL
PART CLASSIFICATION SHAFT RFM I]
UNCLASSIFIED ’
DRAWING CLASSIFICATION _ [SIZE[ DRAVING M
UNCLASSIFIED KFm-209
| [rsenia213]scae: 11 Jseeetaar g
STATUS Joricin_SC-ANI-V1.20
GEOMETRIC PRECISION = .0001 3 ? 2 1
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6-32UNC-2B, TAP DRILL THRU,
THREADS 381,03 DEEP FROM
BOTH SIDES

NOTES

e— 1.8751.010 —®= |[~=— 2501020
N\
) —_— — D
A2 N
l I
1.875%.010
|
H— — d '{b

1. GENERAL REGUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.

2. MATERIAL: ALUMINUM, PLATE, 6061-T651, PER QQ-A-250/1).
3. ANODIZE PER SANDIA SPECIFICATION 9904102, TYPE 1I, CLASS 11, DYE BLACK.

PART OR
CONTROL NUMBER

REVISIONS

1SS ZonE

SHEET

PREPARED BY

DESCRIPTION

DATE

CHKR

APVD

=34 — — =4

GLOWKA/STALLER, 6211

11/15/97

2.500+.020

p— e =

It
bt
!
e

l— 11452.015

.312+.020
[——— 2,3751.020 ——==|
ES‘BE FILE NAME = Spocer Geor Reducer RFM210
SHEET (1] 2|3 (45|66 |TITLE ITLE CLASSIFICATION
ST SPACER
PART CLASSIFICATION GEAR REDUCER;
UNCLASSIFIED RFM TI
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
LASSIFIED | B RFM-210
[ [rscuia213[scaLe: 171 [sHEET 1 OF
STATUS [orIGIN SC-ANI-Vi2a
GEOMETRIC PRECISION = .0001 3 % - | 1
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REVISIONS
NOTES coniatr SR ser  [1SS|ShEE" [preparen By PESCRIPTION DATE cHxr | aPvD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11/15/97
2. MATERIAL' STAINLESS STEEL, TYPE 304, SHEET, PER 00-5-766, .12 THICK.

3. PASSIVATE PER SANDIA SPECIFICATION 9904301

4~40UNC~-28, THRU, 3 PLCS
EQG SPCD WITHIN 010 DN A

1.3752.010 DIA. BC.

—] .6251.010

4x, 166/.176 THRU

2502.020 —ea=  fe—

T

1.3751.010

l

1.752.03

.
A
|
1

.1882.020 —’

25203 R

fes- 144203 —e]

—=i e 12 STHCK

Fe-———— 3.0202.020 —————»=1

2.145£015

YO

I

.8751.015

i

SO U U |

2X, 252,03 X 251.03 CHAMFER

.970/.980, THRU

PARY

cope FILE NAME = Brocket Gr Rdcr Pot RFM211

sueeT (1|21 3|4 |5|6|T1TLE

1SSUE | A

PART CLASSIFICATION

GEAR REDUCER POT,

TITLE CLASSIFICATION

BRACKET,

UNCLASSIFIED RFM 11
DRAWING CLASSIFICATION _ [S1ZE] DRAWING NUM
UNCLASSTFIED [C FM-211
| [rscuiaz13]scaLer 1/ [sererdory
STATUS JoriGIN_ SC-ANI-V1.20

GEOMETRIC PRECISION =

.0001

1
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GEOMETRIC PRECISION =

.0001

REVISIONS
N D T E S conrbnl BRuper  [ISS| SHEET|PrepareD BY DESCRIPTION patE cHxr | APVD
1. GENERAL REQUIREMENTS AREL PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
D BOND GASKET (ITEM 2> 10O COVER (JTEM 1> USING ANY RUBBER
BASED ADHESIVE PER THE MANFACTURER’S INSTRUCTIONS.
.218/.226 THRU, 6 PLCS
EQ SPCD WITHIN .010 ON
A 2.000£010 DIA BC.
—_ —_— ——) ) —— 92.53/2.50 H —
1 RUBBER, SHEET, BUNA-N, 40 SHORE DUROMETER, 063 THK -4
1 00-35-766 STAINLESS STL. TYPE 304, SHT, .06 THK 1
NA 93500000 GENERAL REQUIREMENTS
NO SHEET
REQD PART/CONTROL NO. DESCRIPTION/MATERIAL NOTE ZONE ITEM
P& FILE NAME = CB Box Cover RFM213
sueeT (1 (2] 34 |s5]6|TITE TITLE CLASSIFICATION
s | A COVER, CB BOX,
PART CLASSIFICATION
ONCTASSIFIED REM 11
DRAWING CLASSIFICATION _ [SIZEfDRAWING QNFHM
UNCLASSIFIED [C -213
I [rscmia213]scae: 13 [sreeT 1 oF g
STATUS [oriGIN _SC-ANI-Vi2a
1



|

v
NOTES

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: STAINLESS STEEL, TYPE 304 PER Q0-S-763.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301

.530/.500

PART OR
CONTROL NUMBER

REVISIONS

SHEET
ISS| ZaNE PREPARED BY

DESCRIPTION DATE CHKR | APVD

0941020 —=

255/.360, THRU

——] [ee— .1881.020

GLOWKA/STALLER, 6211

11/15/97

2-56UNC-2B, THRU TO HOLE

PART FILE NAME = Ring Horz Shoft Pointer RFM214

SHEET {1 121314 | 5|6

TITLE

RING, HORZ SHAFT

TITLE CLASSIFICATION

GEOMETRIC PRECISION = .0001 3 %

ISSUE | A

PART CLASSIFICATION POINTER, RFM 11
UNCLASSIFIED

DRAWING CLASSIFICATION _  [SIZE| DRAWING NUMBER
UNCLASSIFIED | B M-214

i [rscut4213[scace /) [sweeT1 oy

STATUS [orIGIN SC-ANI-Vi20
2 I 1
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REVISIONS
NOTES coniany Beupee  |15S|SHEE"|PrEPaReD BY DESCRIPTION DATE chkR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000 A GLOWKA/STALLER, 6211 1/15/97
2. MATERIAL: STAINLESS STEEL, TYPE 304, SHCET, PER 0Q-5-766, 0607 THK,
3. PASSIVATE PER SANDJA SPECIFICATION 998430).
D
[a————— 3.500%.010 ———
1.750%.010 R
— 2.985+.000/-.015
L 5X, 166/.176 THRU
c
R —& 4
—>
\ |
\ 9.38+.00/-.03
B
6.2501.010 | }
3.50+.03
B ——
@ A PARL FILE NAME = Splash Plote RFM216
125+.020 J sneet |1 |2 3lasie|TITE TITLE CLASSIFICATION
A issue | A SPLASH PLATE,
[e— 2.5001.020 —= =— 1.00%.03 PART CLASSIFICATION
UNCEASSTFIED RFM 11
DRAWING CLASSIFICATION _ [SIZE[ DRAWING NUMBER
a————————— 5.97+.00/-.03 UNCLASSIFIED RFM-216
i [rscvi4213]scate « 171 [smeerd or
STATUS Joricin_ SC-ANI-Vi2a

GEOMETRIC PRECISION = .0001

1




2X, 1252010 —e-|

2%, 140/.146 THRU, X
226/.234 CSK B2°12°

v
NOTES

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.

2. MATERIAL: STAINLESS STEEL, TYPE 304, SHEET, PER 00-5-766, 120 THK.

3. PASSIVATE PER SANDIA SPECIFICATION 9904301

2X, 123 MAX R

2x, .063t.015 X
.0632.015 CHAMFER

TITTITT

875£010 —L @_—r 5002.020 2.002.03
| _—H—
56731.020 "000;0‘020

f

X, 2504.020 —w=-i

\\ - .7501.020
2057218, THRU

[=— 12 STOCK

[==— .500%.020

PART OR
CONTROL NUMBER

REVISIONS

1ss| SHEE" |PrePareD BY DESCRIPTION DATE cHiR | aPVD
A GLOWKA/STALLER, 6211 1/15/97

£68¢ FILE NAME = Adjusting Teb RFM217

sneet |1 1234 ]s|e|TITLE TITLE CLASSIFICATION
1ssuE | A ADJUSTING TAB,
PART CLASSIFICATION T P P

NS ) ST0 LATE, RFM 11

DRAWING CLASSIFICATION _ {SIZE|DRAVING R
UNCLASSIFIED |C RFM-217

] I [rscni4213]scace: 171 smeev10r
STATUS JoriGIN_ SC-ANI-VI1.20

GEOMETRIC PRECISION =

.0001

1




REVISIONS
NOTES codionl Bpcr  |ss| SeEE " |ereparen a OLSCRIPTION DAL cuxR | APVD
A GLOWKA/STALLER, 6211 11/15/97
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9300000.
2. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS 11,
USING £302 ELECTRODES PER AWS AS.4-XxXx DR ER308 ELECTRODES
OR RODS PER AWS AS.9-XX.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301, AFTER MACHINING.
|e— 2%, .752.03
—o{ fw— 25203
2X, .340/.350, THRU
F~— 2X, .3752.020
—_ AN 2 78 |t
‘ /@
Z
100203 — | —— ~—{ - —— ———l 4.501.03
t bemm e -4
I 4.000+.010 {
l 12 $10Ck
1.754.03
! R
| g .
AN ) L
.2504.020
REF
~=} |=—2X, 250 S10CK
' —e [=— .2501.020
[e— 2.25£.03 —=q
1 00-5-766 STAINLESS STL, TYPE 304, SHT, .12 THK 2
2 00-3~766 STAINLESS STL, TYPE 304, PLT, 25 THK 3
NA 9904301 PASSIVATION, STAINLESS STEEL
NA 9912119 WELDING STAINLESS STEEL
NA 9906000 GENERAL REGQUIREMENTS
oy PART/CONTROL MO DESCRIPTION/MATERIAL hotel SEEET | 1vem
260e FILE NAME = Shield Adj Screw RFM218
swee? |12 3l4slé TITLE TITLE CLASSIFICATION
Tseo | A SHIELD, ADJUSTING
PART CLASSIFICATION SCREW, RFM II
UNCLASSIFIED
Awl CLASSIE) [S1ZE| CRAWING Mt R
NELASSTHIE DD FFu-218
I Jrsema 213 scater /3 [srecv1ord
s1aTUS [oriGIN SC-ANI-V1.20

GEDMETRIC PRECISION = 0081

1



NOTES REVISIONS
conreRl R per  |1SS| SHEET|PrEPARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
2. MATERIAL: SOCKET HEAD CAP SCREW, STAINLESS STEEL, HEX DRIVE, 1/4-28UNF,
MODIFIED AS SHOWN.
3. PASSIVATE PER SANDIA SPECIFICATION 9504301
o 2.63t.03
.030%.015 X .030+.015
CHAMFER
.2504.020 —e= [
—

- i ©.200/.190

e 2R * :

©.175/.160, RETAINING RING GROOVE

018+.002/-.000
—®| [=— .06 MAX THREAD RELIEF RETAINING RING GROOVE WIDTH

—  m— 125+.020/~.000

PART FILE NAME = Adjusting Screw RFM 219

1/4-28UNF -2A, FULL LENGTH OF SHEET |11 213145 |6|TTE A dgiesi
SCREW. AS SHOWN ISSuE | A ADJUSTING SCREW,
PART CLASSIFICATION T )
T STOP PLATE, RFM 1I
ET[A\]J&\JGL K_ASSSSIFI]CFATIIUEND SEC DRAWING NUMBERM _ 8 1 9

[ [rscM14213]scaLe: 2/1 [SHEET 1 OF |
STATUS [oricIn SC-ANI-V1.20

=4 | 1

GEOMETRIC PRECISION = .0001 3 %
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NOTES Paa[SRE [recramen av sescairtion]  sarc e | arve
3 7’
). GENLRAL REOUIREMINTS ARE PER SANDIA SPECIFICATION 9500000 A CLOVKA/STALLER. 621 L2 2)
2 NDNFV NU'NM ENGINEERING COL 12 X 12 X 6 TYPL 4 “CHNF BOX,
R A-J212CHNF, WETHOUT PANEL, AS SHOWN
HAV b3 DI‘AINED FROW
SUMMIT ELECTRIC SUPPLY
2811 STANFORD NC
ALBUOUEROLE, NM 87197

2) 2187226 THRYU DACK DHLY,
6 PLCS EQUALLY SPCD VI‘NIN 010
ON A 2.0001.010 DiA BC

2x. 10001030, THRU BACK ONLY

2x, 312301020

— [=— 2X, .7502.020
2x, 2507.29), THRU BACK DHLY

po—ae AN, 32504020 —=q

/ 2X. 18754010
B0Xx CENTERL)ME

| — re- 2X, .93161.020

|
! | [ 12X, 1667476, THRY BOTION DMLY

r ! |
u?:‘-,ow % | I% | fj | ! anlt.mo

|
‘"22“?" &] F:i‘::::::::::: — 5631020

‘l fo— .3132.020
1«0 [1]2]a]a]s][e] "€ TILE cLATSIICATION,

6258010 —»|  fa— ssswe o] COUNTER BALANCE BOX,
URETASSIPIED RFM 1
D'ﬁfﬁ‘"ﬁl‘i‘"l?n];"—‘[""'””ﬁm 220

ey LT OF
SYAtLg nnmn SC-ANI-VI.20

LM FILE MAME = Counter Balonce Box RFH220

CEOMCTRIC PRECISION = 061 - 3 T



REVISIONS
NOTES ol Pusce [1ss| Fkk |prerarcn v DESCRIPTION DATE cuxr | aPvD
a GLOWKA/STALLER, 6211 11715797
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION $900G00.

2. MATERIAL: STEEL. PLATE. PER ASTM-A36, .25 THICK.

22.250+.010

11252.010 -~ e 20.0002.010 (5 EQ SPACES @ 4.0002.010) — %

3752.020 —= =

p e —

q _gL_
7.7501.010 ) I 8.501.03
5.8752.010 ‘  —
T or
1.8754.010 | |
&
, S S
3754020
16X, .340/.350 THRU
2300403
25 ST0CK, TYp
| | | | | | {
I 1 1 H 1 1 1 b g
I I ] ] I [ {
PARTFILE NAME = Flonge Cover RFM221
sueet |2 {2 3]4]s|6|TeE TITLE CLASSIFICATIOR
I1ssuc | A FLANGE CDVER
PART CLASSIFICATION RFM ]]
UNCLASSIFIED
AW]) CLASSIE I I ISIZE| DRAWING NUMBLR
UNELASST TEn(D RFM-221
I [rscaa213]scaei1/2 [sneeviory
STATUS Jorigin SC-ANI=V1.20
3 } 2 1

GEOMETRIC PRECISION = 0001 a4



FEVISIONS
NAOTES cobell Mhaer [15S| 3RE" [Preearco oy DESCRIPTION pATL crxe | APVD
A GLOWKA/STALLER, 6211 1715797
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: RUBBER, SHEET, BUNA-N, 40 SHORE DUROMETER, .06 THICK.
D
22.2501.010
11252010 — et 20.0002.010 (3 EQ SPACES @ 4.0001.010) ——————
c .3751.020 —»
1 4 } }
--———-—{?——————?-————-—?—-—————4}————{5—
<
&1 I
> I 6.00:.03
4X, 25 MAX R
7.7502.010 !
5.875¢010 | 8.501.03
-1
¥
1.8754.010 | .
t ____é_____é____+____¢_____¢~ 125103
f T T T T T T 1 |
B 2754020
16X, .340/,350 THRU
1.252.03 - 2050203
23.001.02
PA8IFILE NAME = Flonge Gasket RFM222
A sweet |4 |2la]a|s|e]TT0E TITLE CLASSIFICATION
1ssut (A FLANGE GASKET
PART CLASSIFICATION RFM 11
UNCLASSIFIED
AW CLASSIE] S1ZE| DRAWING NUMBCR
ONECASSIFTE DD RFM-222
I [rsemia213[scaen/2_Jsneerl or ]
sTatus [orIGIN SC-AN1-V1.2a
GEOWETRIC PRECCISION = 0001 3 f 2 1




v

REVISIONS

NOTES

750%.020 —=— [.-—

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: RUBBER, SHEET, BUNA-N, 40 SHORE DUROMETER, .06 THICK.

PART OR SHEET
CONTROL NUMBER ISS| ZONE PREPARED BY

DESCRIPTION DATE CHKR | APVD

A GLOWKA/STALLER, 6211

11/15/97

.218/.226, THRU, 6 PLCS
£EQ SPCD WITHIN .010 DN
A 2.000£.010 DIA BC

.250/.281, THRU

1.000/1.030, THRU

PABL FILE NAME = CB Box Gasket RFM223

256/2.50 sHeeT (1| 2]3|4]5|e

ISSUE | A

PART CLASSIFICATION

UNCLASSIFIE

TITLE

CB BOX GASKET,

TITLE CLASSIFICATION

RFM 11

UNCLASS

DRAWING CLASS[FICATIDND

SIZE| DRAWING NUMBER

FM-223

[Fscmi4213]scace: 171 [sHEET 2 OF )

STATUS

[oriGIN  SC-ANI-V12a

GEOMETRIC PRECISION = .0001

A e

1



'

251,03 —e=

NOTES

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9500000
2. MATERIAL: ALUMINUM, PLATE, 6061-1651 PER G@-A-250/1).
3. ANDDIZE PER SANDIA SPECIFICATION 9904102, TYPE 1], CLASS II.

DYE BLACK.

2x. R

2x, 25203 R

121,03

‘— 032.01

!

o
504,02
=
J IS
A"
0942020
Ll \'
{ !
.25¢.02 !
, f
2x, .1561.020

4%, 4-40UNC-2B X
38103 DEEP, DO NOT
BREAK THRU

2x, .6881.010

\-— ® .380/.390 THRU

1.00£.03

4X, ©140/.346 THRU, C’BORE
9.2117.217 X 12¢02 DEEP

ex, .1881.020 —oi

[=— .9381.020 — =

DO NOT BREAK THRU

REVISIONS
contatn Souper  [1SS| ShEET|PrEPARED BY DESCRIPTION paATE crrr | aPvD
A GLOWKA/STALLER, 6211 11215797

1.121.03

1.00£.03

2%, 6251.010

FILE NAME = Housing Holl Eff Sensor RFM224

xs:::; 1 213141516 HDUSING’ H}Z{LAELCSSIHCMIDN
PART CLASSIFICATION EFFECT SENSDR‘
UNCLASSIFIED RFM I
DRAWING CLASSIFICATION S1ZE| DRAVING NUMBER
UNCLASSIFIED RFM-224

| [rscu14213]scaLe: 2/1 [sweera or g
S1ATUS JoriGIN _ SC-AN1-V1.20
GEOMETRIC PRECISION = .0001

1
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REVISIONS
NOTES cONTRRT SRuyer  |1SS SHEET|PREPARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 1/15/97
D 2. MATERIAL: STAINLESS STEEL, SHEET, TYPE 304 PER QQ-S-766,
060 THICK.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301,
—
166/.176 THRU, 4 PLCS EQ SPCD
WITHIN $.010 DN A 2.1251.010 DIA B.C.
C
—p
B
197,203 THRU, 4 PLCS E€G SPCD
' WITHIN £.020 ON A 1.688t.020 DIA BC.
2.53/2.50
FILE NAME = Splash Guard Inside RFM225
sveeT 11| 2| 3]14 ]St e ] TITLE TITLE CLASSIFICATION
.500/.530 THRU
ISSUE | A SPLASH GUARD, INSIDE
PART CLASSIFICATION RFM 11
. UNCLASSIFIED
DRAWING CLASSIFICATION SI1ZE| DRAWING NUMBER
LAS DB RFM-225
| JrscM14213[scae: 171 JSAEET ] OF 4
sTATUS [orIGIN  SC-ANI-Vi2a

GEOMETRIC PRECISION = .0001 3 % 2 l 1
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REVISIONS
NOTES conGaRl OB BeR  |ISS SHEET|PREPARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, é2ll 11/15/97
D 2. MATERIAL: STAINLESS STEEL, SHEET, TYPE 304 PER QQ-S-766,
060 THICK. MAY BE MADE FROM A 3/8° STAINLESS STEEL
FENDER WASHER.
3, PASSIVATE PER SANDIA SPECIFICATION 9904301
o
’ .438/.453 THRU
+
B '
. 1.270/1.250
FILE NAME = Splosh Shield Internal RFM226
/

sneeT (1123|456 ]T1TLE TITLE CLASSIFICATION
—— SPLASH SHIELD,
PART CLASSIFICATION INTERNAL’

A UNCLASSIFIED REM II
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
UNCLASSIFIED | B RFM-226

[ {FscMi4213[scaLe: 171 [sHEeT 1 OF |
STATUS [oriGIN  SC-ANI-V1.20
GEOMETRIC PRECISION = .0001 3 % > 1
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REVISIONS
NOTES conraRl BRasER 1SS SHEET|PREPARED BY DESCRIPTION pATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
D 2. MATERIAL: STAINLESS STEEL. SHEET, TYPE 304 PER QQ-S-766,
063 THICK.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301,
_
166/.176 THRU, 4 PLCS EOQ SPCD
WITHIN $.010 ON A 2.125+.0i0 DIA B.C.
c —o||=s— 063 sTOCK
Q
— /k\ 400,03 SPH R\L
B — H
2.53/2.50 0631020 ‘—1<—
FILE NAME = Splosh Guard Outside RFM227
SHEET (1|2 3[|4 (S| |TITLE TITLE CLASSIFICATION
1ssUE | A SPLASH GUARD, OUTSIDE,
PART CLASSIFICATION RFM II
A UNCLASSIFIED
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
UNCL DB RFM-227
i [rscvi4213]scaLe: 1/1 [SHEET 1 OF
STATUS JoriGIN  SC-AN1-V1.20a

GEOMETRIC PRECISION = .0001 3 % 2 1



TVines
NOTES - O T i T wcicaenim] e Jown]wve
GLOWKA/STALLER, 8211 10/24
1. GENERAL REQUIREMENTS PER SANDIA SPECIFICATION 9900000 A it 0/24/98
2. MATERIAL: STAINLESS STEEL. TYPE 304 PER 0O0-S-768.
3. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS H, USING
Esoe ELECTRODES PER AWS AS.4-XY OR [R308 FLECTRODES OR
RODS PER AWS A5.9-XX,
4, WELDS SHALL BE WAIER TIGHT.
4. PASSNATE PER SANDW SPECIFICATION 9904301, AFTER MACHINING.
6. APPROYIMATE WEIGHT 20259 (4.54).
[Z===1ABS MAY BE ONE PIECE IF TABS AND RING ARE SLOTIED FOR LOCATING
AND FIXTURING FOR WELDING.
po—————————————— & 8.81/8.78 =]
—f - 24x. 38203 >
' v Rt NN B ¢ '
— = (2, 330 H e
425 ST0CK 1.30£.02
= === = 3.004.03
\ | =
- 2ax. 160202 | --f--4 [ 24x, 750/736 R
) r~ )--— .y ‘1 f
{ —ant 7 Aoso !
24%, ,50/.33 R
TACK WELD BING T0 WHEEL, [y~
.083 STOCK. 12X, EQ SPCD WITHIN .03, LOCATE WELDS BETWEEN 1ABS
BOTH SIDES
§-32UNC-28 X .25.02 DEEP,
00 NOT BREAK THRY, 4X €0 1.782.03 \ 621,03
SPCO WIHIN .010 ON A
Y TACK WELD 1AB 10
21254.010 DA BL.. ol Si0Ls whEEL, 12x Bomn sioes (> 2.25£.03 .382.03
2
97/1.00, THRY
( i
2%
2, 4547 Y
8.00 0.0. X 065 WAL
ss TugE R ALiceuare
L AND WELD SEAM 01.42/1.38
5l
I 2¥, #2.375/2.395
] worzsspas T T11T~ * $1.126/1.129
(] .
ax, 61.88/1.92 ] 2X, #2.530/2.500
1.8123.020, )______1 ]
$1.00/1.02  ¢.87/.89 —
u
3o S6UNC_28 x 18402 OCEP. 2%, .063 STOCK —=f
00" tiOT R
¢ .380/.3%0 X .125£.020 DEEP & ¢ spcp wiv 010 ON A el bo—2x, 3128018
.6252.010 DIA B.C. 250 S10CK —
] 2%, .312£.005
£50 FILE NAME w 8 SS Wnee! RFM228
wecs [1]2]a]4[s[e] T CerencaTion
INE a" SS WHEEL,
reet (mméuum "
UNCLASSIFIED
DRAVING CLASSIFICATION [317C] DrawING Pam)
UNCLASSIFIED | #Fm-228
| [rsca4@i Asenc 1 /1 [smcT1or
AT Jomewe sC-ANI-V].2e
T rTTa—— - 3 ¥ 2 1
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NOTES

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. MATERIAL: THREADED ROD, STAINLESS STEEL, 3/8-24UNF.

PART OR
CONTROL NUMBER

REVISIONS

SHEET
1SS} ZoNE

PREPARED BY DESCRIPYIDN DATE CHKR | APVD

0304.015 X .0301.015 (3/8-24UNF -2A)

CHAMFER

=== —m————— === === ===

C

[ 7.501.03 -

GLOWKA/STALLER, 6211

11/15/97

82°41°

.040/.050 SPHERICAL R

GEOMETRIC PRECISION

.0001 3 %

PART FILE NAME = Shoft Counterbalance RFM229
sHEET |1 |2 3|4 S| 6 [TITLE JITLE CLASSIFICATION
ISSUE [ A SHAFT’
PART CLASSIFICATION CDUNTERBALANCE'
UNCLASSIFIED REM 11
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
UNCLA DB FM-229
I [Fscw1a213[scate: 1/1 [sHEET 1 OF |
STATUS [orIGIN SC-AN1-V120
2 | N
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REVISIONS
NOTES conrent MRuper  |1SS|SHEETIPrePARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 1715797
D 2. MATERIAL: HEX SOCKET DRIVE SET SCREW, STAINLESS STEEL,
3/8-24UNF X 1.50° LONG, MODIFY AS SHOWN.
c .040/.050 SPHERICAL R
(3/8~-24UNF-2/)
: — \
""""" 8211
B
1.50 —
PARLFILE NAME = Set Screw Pivot Bar RFM230
SHEET {1 | 2] 3[4 |5 |6 |TITLE TITLE CLASSIFICATION
e 2 SET SCREVS
PART CLASSlF]CAU[]N PIVOT BAR’
A UNCLASSIFIED REM 11
DRAVING LAS IFICATION S1ZE| DRAWING NUMBER
ASSIFIED | B REM-230
[ [Fsem14213[scate: 11 [SHEET 1 OF )
STATUS [orIGIN SC-ANI-V1.2a
- | :

GEOMETRIC PRECISION = .0001 3 %
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REVISIONS
NOTES coniiil BRuscr (1SS SHEET|PrepareD By DESCRIPTION DATE cHKR | aPvD
). GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
2. MATERIAL: BRASS, ROD, TYPE C360 PER ASTM-B-16, HALF HARD, 3.00° DIA.
D
3/8-24UNF-2B. THRU
c
|
—
- { - ®3.00 STK ===—=-=
p [ oo = = o
|
B
— [~e— 1.00:.03
RART FILE NAME = 9629 Counterkolonce RFM231
seet |1 2] 3|als]|e]TnE TITLE CLASSIFICATION
8 resu | 962g COUNTERBALANCE
PART CLASSIFICATION RFM II
UNCLASSIFIED
DRAWING CLASSIFICATION SIZE| DRAWING NUMBER
UNCLASSIFIED [C RFM-231
I [rscuia2@13]scae 171 [sneeT 1 ory
sTatus JoriGIN SC-ANI-VI1.2a
GEOMETRIC PRECISION = .0001 3 f 2 1



v
NOTES

PART DR
CONTROL NUMBER

REVISIONS

Iss| ShEET {PrePaRED BY

DESCRIPTION DATE CHKR | APVD

1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000
2. MATERIAL: BRASS, ROD, TYPE C360 PER ASTM-B-16, HALF HARD, 3.00° DIA.

3/8-24UNF-2B, THRU

A GLOWKA/STALLER, 6211

11/15/97

- 2300 $TK
L/

Fant

|t —————— 3.00:.03 ———————#=y

PARY FILE NAME = 28869 Counterbolonce RFM232

seeet [112)3(|4[S|6

TITLE

TITLE CLASSIFICATION

2886g COUNTERBALANCE

ISSUE | A
PART CLASSIFICATION RFM II
UNCLASSIFIED
DRAWING CLASSIFICATION S1ZE| DRAWING NUMBER .
UNCLASSIFIED Rt M-232

] [rscuia213]scaie 171 [sweeT1 ory
STATUS JoriGIN SC—AN1-VI1.20

GEDOMETRIC PRECISION =

.0001

.

1
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REVISIONS
NOTES canthmr SRuser  |15S| SHEE"{PrEPARED BY DESCRIPTION DATE crxr | apvD
1. GENERAL REGUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 621) 11715797
2. MATERIAL: STAINLESS STEEL, ROUND, TYPE 304 PER 0QO-S~763,
250" DIAMETER.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301
D
2x, .0302.015 x .030.015
—_— CHAMFER
[es— ©.250 STOCK
1/4-20UNC~-2A
a2
|
c
! 3.00£.03
)
. -y L
650203
/’IP
\ 45°22° !
N
~ |
» 442,03
50:.03 R
.2194.020 | )
R
504.03
PARI FILE NAME = Shipping Hook RFM233
sueeT [112(3]|4 5|6 TITLE TITLE CLASSIFICATION
A 1ssue [ & SHIPPING HOOK,
PART CLASSIFICATION RFM 11
UNCLASSIFIED
DRAVING CLASSIFICATION _ [SIZE| DRAVING NUMBER
UNCLASSIFIED RFM-233
| [rscniazi3]scae: §/1 [seeevd or g
STATUS JoriGIN _SC-ANI-V12a
GEOMETRIC PRECISION = .0001 1
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REVISIONS
NOTES conaRT DR per  |1SS|SHEET|PREPARED BY DESCRIPTION DATE CHKR | APVD
1. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000. A GLOWKA/STALLER, 6211 11715797
D 2. MATERIAL: STAINLESS STEEL, SHEET, TYPE 304 PER GQQ-S-766.
3. PASSIVATE PER SANDIA SPECIFICATION 9904301.
j—— 094+.005 .25/.26 THRU, C'BORE,
.380/.390 X .060%.005 DEEP
C
—p! ® 89/.87 —_—
B
1147124 THRU, 82° CSK TO 175/.180 DIA.,
4 PLCS, EQ SPCD WITHIN $+.010 ON A
.6251.010 DIA B.C.
FILE NAME = Magnet Cover Plate RFM234
sveeT |12l 3la|s]e|TiTLE TITLE CLASSIFICATION
ISSUE | A MAGNET CD\/ER PLATE,
PART CLASSIFICATION REM TI
A UNCLASSIFIED
DRAWING CLASSIFICATION SIZE[ DRAWING NUMBER
UNCLAS D |B RFM-234
[ [Fscuia213[scae: 171 [sHeeT 1 oF
STATUS [oriGIN  SC-AN1-V1.2a

GEOMETRIC PRECISION = .0001 3 % > [ n
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REVISIONS
NOTES consopt PR per  |1SS|SHEETIPREPARED BY DESCRIPTION DATE CHKR | APVD
. GENERAL REQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000, A GLOWKA/STALLER, &211 11/15/97
D 2. MATERIAL: STAINLESS STEEL, TYPE 304 PER QQ-S-763.
3. PASSIVATE PER SANDIA SPECIFICATION 9504301.
—
3751.010 —e= [
C
J le— 0621.010
J—— - T
—p» ? .499/.497 _
® 660/.640
B .376/.379 THRU
FILE NAME = Sleeve Wheel Bearing RFM23S
SHEET {1 | 2|34 ]|S{6|TITLE TITLE CLASSIFICATION
ISSUE (A SLEE\/E, \/\/HEEL
PART CLASSIFICATION BEARING, RFM 11
. UNCLASSIFIED
DRAVI G CLASSIFICATION SIZE[ DRAWING NUMBER
NCLASSIFIED | B RFM-235
] [Fscuia213]scater 1/1 [sweeT 1 oF
STATUS [oricIN sC-ANI-V12a

GEOMETRIC PRECISION = .0001 r 3 % 2 l 1



REVISIONS
NOTES coritll Be 155 J5E" |prerarco 3y DESCRIPTION DATE e | aPvD
A GLOWKA/STALLER, 621) 11/13/97
1. GENERAL RCQUIREMENTS ARE PER SANDIA SPECIFICATION 9900000.
2. WELD AND INSPECT PER SANDIA SPECIFICATIDN 9912119, CLASS 11,
USING E308 ELECTRODES PER AWS AS.4-xX DR ER308 ELECYRODES
OR RODS PER AWS AS.9-XX.
D 3. PASSIVATE PER SANDIA SPECIFICATION 9904301, AFTER MACHINING.
22.250+.010
11252.010 = |e———————————— 20.000£.010 (5 EQ SPACES € 4.000£.010) —————————#
2X, .3731.020R ~ol fw— 2X, 3751010
7.0001.020 9.00+.03/-.00 — 2x, 375 570CK 4%, R
. 3752,
[ .3752.020 —»~ 2X 2x. 3752013 2x, .B121.020
3/16 | it
_§ 7 1
I } 4 ]
- — - — 1 ox, 2dsszes I 1
2x, oeaz,oeorz/ -
- H-+
l | £.00.03 2X, 1.1882.010 —] o
4X, .25 MAX R
—» 7.7502.010 | '
58752010 | | 8.504.03
aa B ad |- =
1875¢010 || l -
t -._.___+_____+_______+______+____+_ 1.25.03 Y
‘f T T T ] T T ’ ||
? 3752020 750 STOCK
i —f
16X, 5/16~18UNC-2B, THRU =
125203 - 2050t .03
23.00£03
——] 2 0Q-S-766 STAINLESS STL, TYPE 304, PLT, .375 THK 2
1 00-S-766 STAINLESS STL, TYPE 304, PLT, .750 THK 1
NA 5904301 PASSIVATION, STAINLESS STEEL
NA 9912119 WEL DING, STAINLESS STEEL
NA 9900000 GENERAL REOUIREMENTS
o) PART/CONTROL NOL DESCRIPTION/MATERIAL hote SEEET | aTem
PART -1l £ NAME = Hinge Spocer RFM236
A sueet 1 | 2] 3|4 si6 |10 TITLE CLASSIFICATION
1ssue | A HINGE SPACER,
PART CLASSIFICATION RFM 11
UNCLASSIFIED
AWING CLASSIEN 126 praving numsEr
ONELRRSTHTE DD RFM-236
[ [rsem 4213 [scarens2 [sweerd oy
STATUS Joricin SC~ANI~V1.20
GEQMETRIC PRECISION = 06001 a a f > 1




e
NOTES Ty O T [ T scvemrum]  soe Jowr]wve
1. GENCRAL REOUIREMENTS ARL PER SANDIA SPECIFICATION 9900000, A GLOVXA/STALLER, 6211
2. WELD AND INSPECT PER SANDIA SPECIFICATION 9912119, CLASS I,
USING £308 ELECTRODLS PER AWS A3 4-XxX DR ERIOB ELECTRODLS
22282010 OR RODS PER AWS AS9-XX,
: : 3 WELDS SHALL BE WATER TIOMT.
1125000~ 200002010 <5 E0 SPACES @ 4.0004010> - 4. PASSIVATE PCR SANDIA SPECIFICATION 9904301, ATTCR MACHINING.
1156/1176 TAP DRILL THRU, 1-11SNPTF
o e 1.758.03
2781 020 —={ [= REF
16X, .340,.330 THRY
_ F.--<
/"JX. €-32UNC-2B, THRU
i 7.7502.010
J L | .—
175103 i 38751010
+
—t —_—t -
! té —H— Cj \ ¥ 62502010
gl 18751010
S 11 G, O V— w— 1 I | S
60103 L = T
3731020 i
LU T
ax
3116l @ 2%, 12501020 ~=f  te 1252.020
1562403 o 991,03 1750200
2%, 6-J2UNC-2D X
ati 30103 OECP
» 750,780 THRU, C' BORL 876/.879 X 2X, 25004,
c 281 073/~ 000 DLEP, 2 ALTS IN LiNe
— . ITHIN 010 SECTIDON A-A
—~f [2x 7300020
97501 010 .
% 121,020 fe— 475203 —
te- 4.3754.020 —] A 0TH ENDS BOTH ENDS
>R o 11882020
1]
10-32UNF-20 X 30103 DEEP, \
6 PLCS [0 SPCO WITHIN 010 I X, J0-32UIF -28 TWRU, BOTH ENDS
ON A 20001010 DIA BC,
] MTH SIDES v Pt
/Q-—V—-(E)l 2x, 2507281,
Y16 THRU ITEM 4 1012267
o oome0s ik ©3810m 473000, BOTH ENDS 41252010, BOTH ENDS
1] e e e H . —
i 2x, -2;:1:27_ 2x, #2530 ST¢ o 73 stoee | 52501 010, BOTH ENDS
? [ 11232 010, BOTH ENDS
gt L 4 2%, 22502.020 gt | a2
EIPP T e i S SN W i 4 JlA ! L Thayr | 10002020, BOTH ENDS
= 7 : } i i - i q ST i 7/ t
N T f 4 -
2501.020 4, le— 4x, .375 sTOCK 12302020 4x, .3751.015
B 23, 125020 ~offa— 7] g 30TH LNDS £, 18103 x 18403
LA e
€ I 3 Fe——— 2x, 890+ 00/- 03 l— 2x. 70632020 11252010, ——te] e . 15005015
2x, 20001020 BOTH EKDS \
e 41231 010, ax, 223£03
1/4-28UNF-2D, 106001.620 ~ 2100103 pan £nos \ 4x, 2631.03
THRY, B.28] MAX 5632020 ~| e— 5.2502.010, ~——of R
VELD SPOTFACE 18754.020 —=| 25001010 (8 £D SPLS @ .31251.010) 2010 ENDS BOTH ENDS
4%, 25%/26% THRU
! 18%, 10-32UNF-28, THAU 8
Ay gy Sppu— - —
“\\4 . 2] 66-5-763 TS ST TP R TS5
J [2] o0-5-763 STAINLESS STL, TvPL 304, RND, S0 DIA
7504020 850103 1] 09-5-763 AIMLESS STL. TYPE 304, FLAY. 25x30
pef-i— | [ a6% ATHLE T+ o 5
i 00-5-7 AINCESS STL, T _RND, 25 DIA )
l B FFYIN ) it 600403 Htse ARCESS 3TLTY P ST 3
== | [2 ] 00-5-768 STAIMLESS STL, TvPL 304, PLT, .25 T 2
15004010 1 M o057 STAINLESS STL, TYPE 204 PLT, 1B _THK T
42502020 N i [WA] S504301 FASSIVATION, STAIMESS STCEL
N e +\¥ il i [va| 5912115 WELDING, STAIN.CSS STEEL
e HAT 9500000 GENERAL BCQUIRCHERTS
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10.

11.

Recommended Procedures for REM Field | nstallation

Install RFM on top of drilling fluid return line pipe between pitcher/flow nipple on well
mud riser and mud tank shaker box.

Downslope angle of return pipe needsto be between 2° and 15° (8° to 12° works
best).

Return line pipe needs an opening for RFM mounting flange. Torch cutting is
acceptable. Opening should be located on pipe for access to the RFM during
installation and service (i.e.-proximity to awork deck or sub-floor).

Opening for mounting flange needs to be sized to outside perimeter of mounting
flange, not inside perimeter.

Mounting flange needs to be positioned in the pipe cutout only far enough to be
welded. Use continuous weld while maintaining same downslope angle as pipe and
level side to side with a bubble level tool.

The RFM can be tilted 90° for maintenance or removal from the return pipe. The
direction of rotation needs to be determined before the RFM and hinge spacer are
installed. The direction of rotation will be dictated by the side of the pipe that offers
the easiest access to the RFM. The hinge portion of the hinge spacer will be on the
opposite side of the pipe from this established access. The RFM NEMA 4 enclosure
and internal components need to be mounted on the access side of the RFM.

Install arubber gasket and RFM hinge spacer on top of the mounting flange. Boltsare
inserted through the mounting flange tabs into the hinge spacer. (thread lubricant,
such as Loctite #771, should be used on all bolts during installation).

Ensure that j-hook is securing RFM wheel in full up-position inside RFM housing
before mounting RFM.

Mount RFM and a rubber gasket on top of hinge spacer. Install pins between RFM
hinges and hinge spacer hinges, then insert and tighten bolts to secure RFM to hinge
Spacer.

Release j-hook and lower wheel slowly into pipe.

While spinning the wheel by hand, adjust the RFM stop plate to raise the whedl just

enough to not touch the bottom of the pipe |.D. The RFM can detect |ower flow rates
if the whesl is close to the pipe I.D. bottom.
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12.

13.

14

15.

Check whedl weight for approximately 750 grams of down-weight. Attach aweight
scale through the top access port on the RFM housing to the wheel mounting shaft.
This measurement needs to be taken when the wheel mounting shaft is paralld to the
RFM housing flange. If the wheel weight is not 750 grams, adjust the counter balance
weight, located inside the NEMA 4 enclosure, until the 750 gram wheel down-weight
IS obtained.

The signal/power cable connections at the RFM are made inside the NEMA 4
enclosure to a WAGO termina strip. The electrical feed-through on the back of the
box is sized for a4-pair cable.

. The other end of the signal/power cable is connected to aterminal block in the RFM

instrumentation box. Thisbox is normally located some distance from the RFM, in
the area of the data-acquisition computer. Wiring the signal/power cable at the RFM
and instrumentation box is done according to the associated RFM wiring schematics.

Signal/power checkout normally requires two people, one person to monitor the data
acquisition computer and instrumentation box, the other to manually spin the RFM
whesl to verify Hall-effect rotation sensor operation and pivot the wheel mounting
shaft to verify that the angle potentiometer is working. One person can do the
signal/power checkout if the data-acquisition computer is concurrently taking data
while the RFM is manually exercised.
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Recommended Proceduresfor RFM Field M aintenance

Normally problems with the RFM in the field are minimal. The table below can serve asa

guide if problems do occur.

Caution: Care should be exercised when working on a RFM attached to a return-line
pipe, since temperatures of the drilling fluid flowing in the return-line may be high enough

to burn exposed skin.

TABLE | - TROUBLESHOOTING A RFM

PROBLEM

POSSIBLE CAUSE/FIX

1. NOROTATION SIGNAL
AND/OR ANGLE VOLTAGE

CHECK THAT ALL POWER SWITCHES ON THE RFM
ELECTRICAL INSTRUMENTATION BOX ARE ON AND
THAT THE BOX ISCONNECTED TO 110VAC POWER.

2. NOROTATION SIGNAL

VERIFY THAT THE WHEEL ISROTATING FREELY VIA
THE WHEEL INSPECTION COVER ON THE RFM HOUSING.

3a. NO ROTATION SIGNAL &
WHEEL ISROTATING

THE HALL-EFFECT ROTATION SENSOR MAGNET MAY
HAVE PIECES OF FERROUS MATERIAL MAGNETICALLY
ATTACHED. USUALLY A SWIPE ACROSS THE MAGNET
FACE IS SUFFICIENT TO CLEAN ANY FERROUS
MATERIAL OFF THE MAGNET.

3b.

EROSION OF THE MAGNET FACE EXPOSED TO THE
DRILLING FLUIDS CAN OCCUR IF IT DOESNOT HAVE A
PROTECTIVE COATING. EPOXY COATINGS OR NICKEL
PLATING OF THE MAGNET FACE WILL EXTEND THE
MAGNET LIFE DRAMATICALLY.

3c.

VERIFY THAT THE FREQUENCY-TO-VOLTAGE
CONVERTER ISRECEIVING SIGNAL PULSES FROM THE
RFM AND CONVERTING THEM TO A VOLTAGE OUTPUT
FOR THE DATA-ACQUISITION COMPUTER.

4. ANGLE VOLTAGE CHANGES
(FROM INITIAL NO-FLOW
SETTING)

CHECK ALL SHAFT COUPLINGS INSIDE THE RFM STEEL
ENCLOSURE BOX FOR TIGHTNESS. IT IS
RECOMMENDED TO MARK ALL COUPLINGS AND
SHAFTSINSIDE THE STEEL ENCLOSURE BOX WITH A
PERMANENT MARKER. ANY SLIPPAGE BETWEEN THE
COUPLINGS AND SHAFTSTHEN WILL BE READILY
APPARENT.

Note: The RFM can betilted 90° on its side for maintenance purposes or to remove it
temporarily from the return-line pipe without affecting drilling operations.

Note: The wheel and pivot shaft bearings have not been a source of problems to date, but
should be inspected and/or replaced between RFM applications.
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Recommended Proceduresfor RFM Post Field Reconditioning and/or Initial
Checkout

. Clean RFM thoroughly inside and out with water.

. Inspect and, if required, replace wheel bearings with identical stainless steel bearings.
Preload on bearings should be approximately 1/8-turn tighter after initial freeplay is
adjusted out. The 1/8-turn preload should not change how easily the wheel turns
when spun by hand. If it does, then readjust preload as necessary.

. Visually check wheel for bent fins or any irregularities and straighten if necessary.

. Visudly check Hall-effect sensor housing and cable for any deterioration.

. Replace magnet paying attention to polarity, since the Hall-effect sensor only actuates
on aNorth pulse. The replacement magnet needs to be epoxy coated or nickel plated
for protection if a blank magnet retaining cover isnot used. If an epoxy coating is
used, apply the epoxy through the hole in the magnet retaining cover after the magnet
and cover isinstalled and only thick enough to be flush with the top of the cover.

. Check pivot-shaft bearings for any roughness, freeplay, or seal leakage. Again, if
required, replace with identical stainless steel bearings.

. Replace rotary potentiometer (approximate cost $130) if the RFM has been in service
for 2 months or more. Potentiometer can be reused if it is adjusted to use a new
internal operating area, but this is not recommended.

. Usethread adhesive (i.e. Loctite #242) on all screws associated with the rotary
potentiometer, magnet retaining cover screws, and wheel bearing cover screws.

. Usethread lubricant (i.e. Loctite #771) on al other screws and bolts.
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Recommended Procedures for Preparation and | nstallation of the RFM Hall-Effect
M agnetic Sensor

1. Thelead-in wires are 24-gauge, Teflon-coated, and are dipped in etching fluid (i.e.
Gore tetra-etch) for better adhesion of coating materials to the Teflon.

2. A two-part synthetic-rubber polysulfide coating (i.e. Flame Master CS3100) is applied
to the junction terminals of the wires and Hall-effect sensor to prevent the terminals
from shorting to each other or to the housing.

3. The Hall-effect sensor isinstalled in the housing with its nomenclature (lettering)
facing outward in the direction of the magnet and positioned approximately 1/16”
from the bottom of the machined dlot in the housing.

4. Aluminum oxide epoxy filler (i.e. Shell Epon 828, cured with Fisher diethanol amine)

is used to pot the Hall-effect sensor and wires into the housing. A cure time of 24
hoursis required.
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